This paper examines the optimal entry policy towards oligopoly in a globalized world.
Introduction
The idea that free entry leads to a social optimum has long been cherished as an irrefragable truth in economics. However, this shibboleth has recently been challenged by a number of researchers. 1 In particular, Mankiw and Whinston (1986) have demonstrated that free entry results in too much competition in oligopoly if entry reduces output per firm at the margin. This condition, dubbed the "business stealing effect," is so mild that it holds in a wide variety of situations; in particular, in Cournot competition. While the Mankiw-Whinston analysis pertains to a closed economy, with the world getting fast globalized, it is natural to wonder whether their results carry over intact to a globalized environment.
In a global economy the question whether unrestricted entry results in too much competitionand, if so, what constitutes an optimal intervention policy -can be approached from the perspective of an individual country or the entire world. The added dimensionality points to a possible conflict and policy coordination dilemma among individual countries. It is possible, for example, that entry is excessive for the whole world but too little from an individual country's perspective. Even if all countries agree that entry is excessive, it is another matter whether they can correct the entry problem.
A global economy confronts individual countries with yet another policy dilemma, which concerns the choice between free trade and autarky. On the one hand, the result of Mankiw and Whinston (1986) shows that a country in autarky can attain a social optimum by restricting entry.
On the other hand, by the result of Brander and Krugman (1985) an open economy enjoys the gains from trade under oligopoly with free entry. But, if free trade prevents it from instituting the socially optimal entry policy, a country faces this fundamental trade-off: retreating to autarky, a country can pursue the optimal entry policy but forgoes the gains from trade, whereas it faces the opposite dilemma when it remains open to trade.
The objective of the present paper is to address these policy issues brought about by globalization. To that end, we consider a two-country partial equilibrium model of Cournot competition with free entry. While Mankiw and Whinston (1986) consider regulating the number of active firms directly with a governmental edict, here we explore the corrective role of corporate income tax as an indirect measure to control entry. The two approaches are fully equivalent, provided that the tax revenues are rebated back to society in lump-sum fashion. However, our approach has the added advantage of relating to the growing literature on international tax competition.
Our main findings can be summarized as follows. We find first that in a globalized economy free entry also results in excessive competition. Thus, each country has the unilateral incentive to tax domestic firms to curb entry. However, taxation of domestic firm promotes entry in the foreign country. As entry by foreign firms undermines the efficacy of domestic tax policy, each country chooses too low a tax rate relative to when there are no such spillovers. Hence, in a global economy entry remains excessive even with government interventions. Our analysis implies that international tax policy harmonization is indispensable for the achievement of a social optimum in a globalized economy.
As for the dilemma concerning the choice between free trade and autarky, the answer depends on market size. When markets are small, the gains from trade dominate the losses from excessive entry, so globalization benefits countries. However, when both markets grow sufficiently large, the above result is reversed, and autarky becomes welfare-dominant. Thus, the need for coordinated tax policy grows as the world economy grows.
These results are obtained analytically under the simplifying assumptions that include symmetry, linearity and arbitrarily low transports. Relaxing these conditions makes the model analytically intractable, but numerical analysis yields the same results, demonstrating that the basic mechanism yielding our analytical results is at work in more general settings. In addition, when we relax the symmetry assumption, the numerical analysis gives us two new results. First, the model exhibits the reverse home market effect, that is, the large country hosts a smaller number of national firms relative to its market size compared with the smaller country. This contrasts sharply with the standard result in economic geography and trade (see e.g., Krugman 1980; Fujita et al. 1999 ). Second, the larger country chooses a lower tax relative to the smaller country. Further, this tax difference across countries widens as the counties becomes more asymmetric in size. These results also contrast sharply with the well-known result in the standard tax competition literature.
By the last two results this paper also contributes to the strand of the tax competition literature that goes back to Wilson (1986) and Zodrow and Mieszkowski (1986) . These authors have shown that unilateral taxation of internationally mobile factors increases the tax base in the other country through factor flights. In the present study, factors are internationally immobile but similar results emerge as corporate taxation affects the distribution of national firms across countries. This paper is however more closely related to the new strand of literature investigating international capital tax competition under imperfect competition. For example, Ludema and Wooton (2000) and Haufler and Wooton (2010) have examined how the market (population) size affects the tax rates and welfare under Cournot competition. While the numbers of firms are fixed in those studies, here they are determined endogenously through entry. Thus, our model complements those studies by examining the effect of globalization on welfare as globalization affects firms' distributions.
The organization of this paper is as follows. In Section 2, we explain the general model. Section 3 examines the case of symmetric demands and negligible trade costs. Section 4 considers the case of symmetric linear demands and also the effects of trade costs. Section 5 examines the case of asymmetric markets. Section 6 concludes.
The general model
This is a two-country partial equilibrium model. Call two countries (regions) East and West. Each country has a large number of potential firms capable of producing the goods in question, of which m i firms actually enter in country i (i = e, w). Firms are immobile across national borders, so there is no confusion in referring to a representative firm domiciled in country i as firm i. The goods are considered homogeneous. Let p i (Q i ) denote the (inverse) demand in country i, where Q i is total quantity sold in country i. Assume continuous differentiability with first derivatives denoted by p i < 0. (Primes denote derivatives.)
On the production side, firms face constant marginal cost c and incur setup cost k i on entry.
Firms also pay transport cost t for each unit they export. Transport cost is low enough for firms to always export positive quantities, the condition to be made more precise below. If q ij denotes the quantity sold by firm i in country j (i, j = e, w), industry supply in market i equals
Firms i pay the corporate income tax τ i to their home country i, earning the net profit 2
The entry cost k i is assumed to increase as more firms operate in country i, so 3 This assumption implies that entry entails negative externalities or congestion. Such is the case, for example, if land supply is limited so firm concentration drives up the land rent, an important component of setup cost.
Firms consider the two national markets segmented, and choose home and foreign sales, q ii and q ij , separately to maximize total profits (2), given all other firms' outputs. The first-order conditions for firm i are
The second-order conditions are assumed to hold; i. e., 2p i (Q i ) + p i (Q i )q ii < 0 (for all i and j).
The first-order conditions can be arranged to yield the equilibrium outputs:
On substitution, the equilibrium profit can be expressed as
If m i is treated as a continuous variable as is standard in the literature, free entry implies zero net profit for all active firms, and hence:
Further, substituting from (4) into (1) yields
Equations (6) and (7) form a four-equation system which can be solved for equilibrium industry supplies, Q e , Q w , and the equilibrium numbers of active firms, m e and m w . The equilibrium firm outputs q ii and q ij follow from (4).
Governments impose tax τ i and returns the tax revenues in lump-sum fashion to domestic consumers. Thus, country i's national welfare W i comprises the consumer surplus, the total domestic industry profit and the tax revenue and expressed as:
where the first two terms represent consumer surplus, the next two measure the sum of firm profits and tax revenues, while the final term is the total setup cost. The tax revenues and rebates do not figure explicitly because they cancel each other in aggregation, implying the absence of fiscal externality, i.e., there is no externality due to changes in the tax base. However, tax policy entails an entirely new type of externality through changes in distribution of firms across countries and affects the degree of excess in entry in the world.
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If there is no trade, free entry results in too much competition but it is easy to check that excessive entry can be corrected, and a social optimum achieved, with corporate income tax, as implied by the Mankiw-Whinston analysis. Our objective is to revisit this policy prescription in a global economy. Thus, we begin our analysis with the question: is competition excessive in an open economy as in a closed economy? An extension to a global economy, however, raises two essential questions that do not surface in the analysis of a closed economy. First, if there is too much competition, does each country have the unilateral incentive to tax its firms? Second, if each country has such an incentive, can two countries attain a social optimum without harmonizing their tax policies ?
In this section we address these questions under the assumptions that market demands are symmetric and transport cost t are arbitrarily small (which we relax later). Use (1) and (4) to write industry supply in each market as
As t approaches zero, this expression simplifies to
where M = m e + m w denotes the total number of active firms in the world. Differentiation yields:
The last two inequalities confirm the presence of the Mankiw-Whinston (1986) business-stealing effect in a global economy, namely, entry reduces the existing firm's outputs at home and abroad at the margin.
The free-entry conditions are now given by
Differentiating (11) and using the derivative results in (10) leads to our first result:
Proposition 1 Suppose demands are symmetric and transport costs are negligible. When a country raises its tax, domestic firms exit by a greater number than foreign firms enter, causing the total number of active firms in the world to decline.
Proof: See Appendix A
The presence of the business-stealing effect implies excessive entry for a social planner. The marginal entrant increases total supply which is good for society but causes other firms to contract output which is bad for society. However, the marginal entrant does not take the second effect into consideration when making the entry decision. Thus, free entry leads to too much competition.
Given that entry is excessive in a global economy, we turn to our next question: does each country have the unilateral incentive to control entry by its domestic firms? We answer this question by evaluating ∂W i /∂τ i at τ i = τ j = 0. Our finding is given in Proposition 2 Suppose that demands are symmetric and transport costs are negligible. When there are no initial taxes, each country has the unilateral incentive to introduce corporate income tax.
Proof: See Appendix B Proposition 2 holds because by proposition 1 taxation in one country reduces the total number of firms in the world, and improves national welfare, given excess entry. Hence, each country has the unilateral incentive to intervene. Given such incentives for intervention, the next question we ask is: can countries attain a social optimum when acting unilaterally? In other words, what is the total effect of the two taxes levied unilaterally? To answer this question, we consider the three-stage game, in which each country first chooses the tax rate unilaterally to maximize its welfare, given the other county's tax rate, then firms decide whether to enter and finally entrant firms engage in Cournot competition in the manner described above. We look for the symmetric subgame-perfect Nash equilibrium of this game.
To understand the welfare properties of the equilibrium of this game, consider the effect of an exogenous change in the tax rate in country i on world welfare, namely:
As each country chooses the tax rate to maximize its welfare, we set ∂W i /∂τ i = 0 in the above expression and observe that the following holds at a symmetric equilibrium:
Thus, the sign of ∂W j /∂τ i | symmetric equilibrium evaluated at the equilibrium tax rate indicates whether the equilibrium tax rate is too high or too low relative to a global optimum. Appendix C shows that this derivative is positive, implying that the equilibrium tax rate is too low, i.e., there is still too much entry after taxation. This important result is noted in Proposition 3 In a global economy, when both countries impose the optimal corporate taxes without harmonization, entry remains excessive.
Proof: See Appendix C.
This proposition says that uncoordinated taxation fails to completely remove excessive entry.
To understand the intuition recall that unilateral taxation decreases the number of domestic firms by proposition 1, reducing competition and benefiting the taxing country. However, also by proposition 1, tax in one country promotes entry in the foreign country, thereby partially offsetting the beneficial effect of taxation. Unable to fully appropriate the benefits of its tax policy, a country chooses too low a tax rate relative to what it would choose in the absence of such policy spillovers.
It is straightforward to show that internationally harmonized tax policy can attain the global social optimum. Since the world itself is a close economy and two countries are symmetric, each country's welfare can be expressed as the function of the total number of firms M in the world.
Then, as in Mankiw-Whinston (1986) there exists the optimal number of firms in the world. This and the first-order conditions determine the corresponding firm output and hence the firm's net profit. The zero profit condition then uniquely determines the required tax needed for a social optimum.
In summary, free entry results in too much competition in a global economy as it does in a closed economy, so that each country has the incentive to tax its domestic firms to combat the problem of worldwide excessive entry. However, due to policy spillovers the optimal taxation for each country, when chosen unilaterally, proves insufficient, leaving entry still excessive the world over. Thus our analysis implies international harmonization of tax policy is indispensable for a social optimal from the word's perspective.
Symmetric linear demand and transport cost
In this section we assume linear demands and entry cost to get sharper results. We consider the demands of the form:
where A is demand intercept and n is the number of consumers in each country (the assumption of symmetric demand is retained) and use the entry cost function
where k > 0 is constant. This entry cost function is consistent with the simple land market model with fixed land supply. 4 Choose the unit so that A − c = 1. Then, country-i welfare can be expressed as
where s is the tax revenue per firm.
Cournot competition yields the following equilibrium outputs and prices
In the current setting, trade occurs if and only if p i > t. This condition is written 1
Also, Cournot competition makes sense only if m i ≥ 1. 5 These two requirements combine to yield the following regularity condition, assumed to hold throughout the analysis:
Substituting (13) into the firm's profit (2), we obtain these free entry conditions:
where φ i is defined by
Two equations in (14) determine the number of firms m e and m w for given tax rates τ e and τ w .
Using these relations, we obtain the next proposition, which generalizes proposition 2 to the case of non-negligible trade costs.
Proposition 4
In the case of symmetric linear demands, with no initial taxes, each country has the unilateral incentive to introduce corporate income tax at any non-prohibitive transport cost t.
Proof: See Appendix D.
As shown by Brander and Krugman (1983) Proof: See Appendix G.
We only outline the proof of the proposition here (the complete proof is in appendix G). Let the superscripts a and o denote the equilibrium value in autarky and open economy, respectively.
Key to the proof are the following two welfare expressions. The first one
gives the optimal symmetric welfare under autarky, where each government can attain a social optimum while forgoing the gains from trade. The second
measures the equilibrium symmetric welfare under free trade, in which each country captures the gains from trade but fails to eliminate excess entry. In these expressions, S l i represents the gross social surplus, i.e., the sum of consumer surplus and profits inclusive of entry costs, and C l i represents the total cost of entry.
Let N denote the total number of consumers in the world. By symmetry N = 2n. A calculation shows that m a = 1 and m o ≈ 1.1571 at N = 16k; see (E2) and (F4) in the appendix. Since there must be at least one active firm in each country, our model makes sense only if N ≥ 16k, which we assume throughout the remainder of the analysis. Then, computation yields W o i /W a i ≈ 1.186
at N = 16k, that is, when N takes on its minimum value, each country's welfare is greater with trade than in autarky. However, this welfare ranking is reversed when N is sufficiently large. To
show that, consider the ratios
(E2) and (F4) in the appendix imply that lim N →+∞ m a = +∞ and lim N →+∞ m o = +∞ but lim N →+∞ m o /m a = +∞. Therefore, as N goes to infinity the surplus ratio S o i /S a i converges to one, but the entry cost ratio C o i /C a i grows without bounds. These two limit results imply that W o i /W a i < 1 for a sufficiently large N , that is, each country is better off in autarky than in an open economy when the markets are sufficiently large. In the next section we demonstrate these results by numerical analysis.
Proposition 5 implies that, as the world economy grows, countries are more likely to be worse off in a globalized economy than in autarky. The intuition can be explained as follows. In the presence of entry cost firms face decreasing average cost so they are more efficient in a larger market. As a result, there are a fewer firms in a large country than a small country relative to the market size. In the case of linear demands, if the market grows by ten percent, the number of firms grows roughly by five percent. Trade doubles the market size, allowing firms to decrease average cost, and hence proves more valuable when the country is small. In contrast, if the country is large, it can realize substantial scale economies without relying so much on trade, so trade is relatively unimportant.
Therefore, when the world economy is small, the gains from trade dominate the welfare loss from the suboptimal entry policy, whereas when the world is sufficiently large, the countries are better off giving up the gains from trade and instead pursuing the optimal entry policy in autarky. 7
Proposition 5 therefore implies that the need for international tax harmonization increases as the world economy grows.
We now examine how robust our results are in the presence of non-negligible trade cost. The model is too cumbersome analytically, so we resort to numerical analysis. Our simulation results are presented in the four panels of figure 1 , where we set the entry cost parameter equal to k = 1 (so that entry cost equals k i = m i /2) and each country's consumer population equal to n = 20. 8
The numerical results are consonant with our analytical results, demonstrating the robustness of our results in the presence of non-negligible transport cost.
[ Figure 1 around here]
Begin with the analysis of the relationship between excessive entry and trade cost. To that end, 7 This result is unaltered qualitatively if we focus on per capita welfare (i.e., W i /n) because we can readily see that
. See also Figure 1-(d) . 8 The cases where k = 0.5 and1.5 yield similar results. The next three panels concern the impact of trade on welfare under optimal tax policy, i. e., the difference in welfare between trade and autraky. In this section we relax the symmetry assumption in market size. Assume without loss of generality that West has the fraction θ of the world population, where 1 > θ ≥ 1/2, i.e., West is the larger of the two countries. For simulation purposes the total (world) population is set at N = 30, the entry cost parameter at k = 1, and the transport cost at t = 0.025. 9
[ Figure 2 around here]
The first question we address concerns the relationship between the population distribution and the firm distribution across countries. We begin by evaluating the ratio (m w /m e )/ [θ/(1 − θ)] in the absence of taxes. The numerator of this expression measures the number of domestic firms located in West relative to East, while the denominator measures the relative population residing in West. If this ratio equals one, there is a perfect proportionality between the two distributions across countries; that is, each country has the same numbers of domestic firms per capita. Figure   2 shows, however, this ratio to be less than one at all relevant values of θ, meaning that a large country has a fewer domestic firms per capital compared with a small country. This result contrasts sharply with the home market effect, the well-known result in the standard literature stating that a large country has a proportionately greater number of domestic firms. Since our result reverses this statement, we call ours the reverse home market effect.
The reverse home market effect has a simple intuitive explanation. We already noted earlier that in the presence of entry cost a larger market is served by a relatively fewer and more efficient firms than a smaller market due to the decreasing average cost. The same intuition holds in a global economy. The reverse home market effect is also featured in the work of Sato and Thisse (2007) . There, however, it arises for the entirely different reason; competition among firms in the local labor market, and hence is distinct from ours. 10 We next turn to the relationship between the market size asymmetry and the optimal tax rates. Figure 3 depicts how the equilibrium tax rates change as θ increases from 0.5 to 0.8 (the large country gets larger). The large country's tax rate is represented by the solid line, and the small country's tax rate by the dashed line. Figure 3 reveals two important results. First, the thick line lies below the dashed line in the figure, indicating that the tax rates are lower in the large country at all θ > 1/2. Second, as the population shifts more to the larger country, the tax falls monotonically in the large country while rising monotonically in the small country. Thus, as countries become more asymmetric, the tax rates diverge further.
These results can be explained intuitively as follows. Due to the reverse home market effect, the large country has a fewer firms relative its population compared with the small country, implying that entry is less excessive in the large country. Therefore, there is less need for corrective tax in the larger country and hence the tax is lower there.
These results contrast sharply with the well-known result in the standard tax competition literature, which predicts that the tax rates are higher in the large country than in the small country. 11 However, it is interesting to note that this standard result is not always borne out [ Figure 4 around here] Finally, we examine the effect of country asymmetry on the impact of trade on welfare, both in aggregate and per capita terms. In figure 4 , the benefits of trade are represented by the solid line for the large country and by the dashed line for the small country. As the large country gets larger, the benefits of trade decrease for the large country, but increase for the small country in both terms.
The intuition is now familiar. Since the larger country can realize the substantial economies of scale without the market-expanding effect of trade, tending to the entry problem takes precedence over accessing a small foreign market. As the distribution becomes more lopsided, the benefits of trade further decline in the large country, while the converse holds in the small country.
Concluding remarks
In a close economy free entry leads to too much competition in oligopolistic industry, but a social optimum is attainable with corrective tax policy. This paper reconsiders this Mankiw-Whinston (1986) result in an open economy. We first show that without government interventions the problem of excessive entry inheres in a globalized world. More importantly, in a global economy corrective tax measures cannot completely eliminate excessive entry without international tax harmonization, because taxation in one country promotes entry in the foreign country, partially offsetting the effect of the tax and reducing the efficacy of the tax policy. For this reason, countries set taxes too low relative to a global optimum, leading to a suboptimal outcome.
However, globalization also generates the gains from trade as shown by Brander and Krugman (1983) . Thus, the overall welfare effect of globalization hinges on the balance between the gains from trade and the welfare loss from the inability to pursue the optimal entry policy in an open economy. When countries are small, the gains from trade dominate so trade raises aggregate welfare. When countries are large, however, the result reverses itself, implying that autarky is better than trade. Thus, our analysis indicates that coordinated tax policy is essential for a global optimum and that the need for tax harmonization is increased as the world economy grows.
These results are obtained under the symmetry assumption. Although we also consider the case of unequal populations, in the real world countries are heterogeneous in other dimensions, such as technologies and capital endowments, as well. Our analysis should be extended to such asymmetric environments. Our model can also be extended to more than two countries. Such an extension allows us to study the welfare implications of partial coordination i.e., coordination by a subset of countries. Another question one can ask is whether the multiplicity of countries diminishes or increases the degree of excessive entry the world over. A third possible extension of our analysis is to other types of imperfect competition such as Bertrand and monopolistic competition. While Bertrand models are likely to behave similarly, monopolistic competition models can behave quite differently. Finally, it is worth investigating the effects of sequential entry as well as sequential tax decisions, as globalization may have different impacts on the leader and the follower. These extensions require separate treatment and are left for future research.
Appendix A: Proof of Proposition 1.
The free entry condition (11) forms a two-equation system that is solvable for Q e and Q w in terms of m e and m w for given τ e and τ w . Denote the derivative of the left-hand side of (11) with respect to m j by β ij and define B by
Differentiating the system (11), we obtain
The determinant of B is positive since
where the inequality comes from the assumptions on p(Q i ) and k(m i ), and (10) . We also know that β 21 < 0 and β 22 < 0. Hence,
Moreover, (10) implies that ∂Q i /∂m i = ∂Q i /∂m j , ∂Q j /∂m i = ∂Q j /∂m j , ∂q ii /∂m i = ∂q ii /∂m j , ∂q jj /∂m i = ∂q jj /∂m j , ∂q ij /∂m i = ∂q ij /∂m j and ∂q ji /∂m i = ∂q ji /∂m j , which lead to β 22 < β 21 < 0 and hence −∂m i /∂τ i > ∂m j /∂τ i > 0. Using these results, we have
Appendix B: Proof of Proposition 2.
By (9), Q i = Q j . This and (10), imply that q ii = q jj = q ij = q ji , ∂Q j /∂m i = ∂Q i /∂m i and ∂Q j /∂m j = ∂Q i /∂m j . The free entry condition (11) at no tax (τ i = τ j = 0) implies m i = m j .
Using these results, we obtain
Proposition 1 (−∂m i /∂τ i > ∂m j /∂τ i > 0) and the properties used in Appendix A (∂q ii /∂m i = ∂q ii /∂m j and ∂q ij /∂m i = ∂q ij /∂m j ) imply
Appendix C: Proof of Proposition 3.
Equations (9) and (10) imply that Q i = Q j , q ii = q jj = q ij = q ji , m i = m j , ∂Q j /∂m i = ∂Q i /∂m i , ∂Q j /∂m j = ∂Q i /∂m j , ∂Q i /∂m i = ∂Q i /∂m j , ∂Q j /∂m i = ∂Q j /∂m j , ∂q ii /∂m i = ∂q ii /∂m j , ∂q jj /∂m i = ∂q jj /∂m j , ∂q ij /∂m i = ∂q ij /∂m j , ∂q ji /∂m i = ∂q ji /∂m j , and −∂m i /∂τ i > ∂m j /∂τ i > 0 (−∂m j /∂τ j > ∂m i /∂τ j > 0). When each government chooses the tax rate simultaneously, the first-order condition for country j is given by
Using the properties given at the top of this appendix, we obtain
Because ∂m j /∂τ j < 0, we now have that
In a symmetric equilibrium,
Use the properties of symmetry to simplify the above as
The last inequality comes from (C1) and ∂m j /∂τ i > 0.
Appendix D: Proof of Proposition 4.
We use (14) to derive the effect of corporate tax on the number of firms. Define Φ and Ψ i by Φ ≡
From these expressions, we obtain
In the first stage, each government chooses the tax rate, taking the other government's tax rate as given and anticipating the responses of firms (described in (D1)). Maximization of national
gives the first-order condition for country i:
Note that τ e = τ w = 0 leads to the symmetric number of firms m w = m e = M/2. Now, evaluating ∂W i /∂τ i at τ w = τ e = 0, we obtain
A calculation yields
The second inequality comes from k(1 + M ) 2 > 4n/M using the first-order condition (14) . 12 From (D5), we have ∂W w ∂τ w τw=τe=0 > 0.
Appendix E: The existence and uniqueness of symmetric Nash equilibrium of the tax game.
Assume no trade cost. Taking the limit of t → 0 yield Ψ i = 0, ξ i1 = nM 2 /2+N m i , ξ i2 = nM +N and ξ i3 = nM . Then, by (14) , (D4) can be written as
First, we show that the first order condition (E1) determines (τ o w , τ o e ) uniquely. Subtracting (E1)
of West from that of East, we obtain
Because the bracketed term is positive, m o w = m o e = M/2. Substituting m e = m w into (E1), we
.
The right hand side of (E2) is decreasing in m w . Hence, given 
Here, use has been made of the fact that m o w = m o e = M/2. This fact allows the free entry condition (14) and the first order condition (E1) to be rewritten
Substituting these into σ 1 and σ 2 yields
Hence,
Moreover, since m o w = m o e > 1, the total number of firms M is larger than 2. Hence,
From (E3), (E4) and (E5), we have that
Because there exists the unique τ o w that satisfies the first order condition dW w /dτ w = 0 for τ o e , W w (τ w , τ o e ) is quasi-concave in τ w . Similar arguments hold for East.
Next, we check the behavior of dW w /dτ w when τ w → 1 or τ w → −∞. For τ o e given, it follows from (14) that lim τw→1 m w = 0, lim τw→−∞ m w = +∞, lim τw→1 m e = m < +∞ and lim τw→−∞ m e = 0 where m is determined by
Using (14) In other words, (τ o w , τ o e ) is a Nash equilibrium of the tax game.
It remains to consider the cases of corner solutions in which one country has no firms (m i = 0).
Two cases can arise. In one, a country sets a tax rate so high that it loses all firms. Clearly, such a strategy is never optimal for this country. In the other, a country gives such a high subsidy that it gets all firms. Again, this cannot happen in equilibrium because the other government would reduce its tax rate. Thus, (τ o w , τ o e ) is the unique Nash equilibrium of the tax game.
The zero profit condition π = 0 in the second stage determines the number of firms for a given corporate tax:
In the first stage, each government maximizes the welfare function (12) with respect to τ subject to the balanced-budget constraint sn = mnτ /(1 + m) 2 . By (F2), corporate taxation reduces the number of firms (∂m/∂τ < 0). Substituting (F1) and sn = mnτ /(1 + m) 2 into (12), we obtain
By (F2), the number of firms m is a function of tax rate τ , which makes welfare in (F3) a function of τ . Taking ∂m/∂τ < 0 into consideration, the first-order condition of welfare maximization
where m a is determined by
Since there are more than one firm in the equilibrium, (F4) implies that n ≥ k (i.e., N ≥ 2k), which in turn implies that the equilibrium tax rate is positive (τ a > 0). It is straightforward that this allocation is optimal.
Appendix G: Proof of Proposition 5. Define Ω o as
Note that lim N →+∞ m a = +∞. Then, equations (G4), (G5), (G7) and (G10) yield 
